Objectives: To determine long-term adherence to a 5 day antibiotic course guideline for treating intensive care unit (ICU)-acquired Gram-negative bacteria (GNB) infections.
Introduction
There are concerns about increasing antimicrobial resistance, particularly amongst Gram-negative bacteria (GNB) in the intensive care unit (ICU). 1, 2 This has led to the introduction of stewardship programmes promoting guideline adherence to reduce unnecessary antimicrobial prescribing. 3 Writing antibiotic guidelines for ICU infections is challenging because of the need to balance making recommendations that ensure appropriate empirical therapy for likely pathogens against restricting unnecessary antibiotic use that selects for resistance. 4 Many studies show a benefit associated with early appropriate empirical therapy, 5 -10 although some do not. 11 -14 International guidelines for ICU-acquired infections, such as ventilator-associated pneumonia, usually, but not always, favour two empirical antibiotics active against GNB to ensure appropriate therapy. 15 -17 The benefit of a dual empirical therapy approach is the focus of many studies but remains controversial. 18 -23 One approach to reducing unnecessary therapy when two empirical antibiotics are used is to de-escalate to a single active agent once susceptibility patterns are known; 24, 25 however, once two agents have been started de-escalation may be difficult for a variety of reasons, including uncertainty as to the causative organism. 26 There is also limited evidence to guide recommendations on the length of therapy and the extent to which this should be influenced by the focus, degree of sepsis or causative organism. Guidelines for pneumonia and sepsis frequently recommend 7 -10 days, 15, 25 whereas guidelines for catheter-related bloodstream infection point out there are no compelling data to support specific recommendations. 27 Few studies have provided information on actual prescribing practice. 28 -31 Our ICU guideline has recommended a 5 day single antibiotic course for ICU-acquired GNB infections for many years. 32 The objectives here were to determine adherence over an extended period of time and to assess the susceptibility of GNB identified at clinical sites to the prescribed antibiotics. 33 Prior to any linking and analysis, data were processed, cleaned and corrected using patient names, ICU location and hospital number identifiers. Fewer than 100 patients had identification inconsistencies or missing data.
Methods

Definitions and statistics
The day of admission was defined as day 1. The longest ICU stay for each patient extending at least until day 3 was analysed, with two episodes ,2 days apart being collapsed into a single episode. Only systemic antibiotic therapy commenced from day 3 was analysed. Antibiotic course length was defined as the number of continuous days of therapy on which at least one dose of antibiotic was received, apart from gentamicin and amikacin, for which a gap of 1 day between doses was called continuous therapy. Comparisons between inappropriate therapies were made using the two-sided x 2 test for the null hypothesis of equality of proportions, with a modified Bonferroni procedure to adjust the level of significance for multiple testing. 34 Two-sided P values are reported.
Antimicrobial prescribing guidelines and practice
An antibiotic guideline developed by intensivists, microbiologists and pharmacists was in place throughout the 8 years. The guideline recommended gentamicin, administered with an extended-duration dosing protocol (5 mg/kg lean body weight; maximum 500 mg), as first-line empirical or targeted therapy for all GNB infections. Ceftazidime was recommended as an alternative first-line agent in renal failure or at the intensivist's discretion. Ciprofloxacin and piperacillin/tazobactam were recommended for suspected resistance or allergy to other first-line antibiotics. Meropenem or amikacin was reserved for subsequent episodes of sepsis (second-line) or suspected resistance. All patients with severe sepsis or septic shock were recommended to receive a single dose of gentamicin if a nonaminoglycoside antibiotic course was selected. These recommendations for ICU-acquired GNB infections remained in place throughout the 8 years. The guideline recommended initial electronic prescription of a 5 day course regardless of suspected focus. All antibiotic prescriptions were reviewed daily at the bedside by microbiologists, pharmacists and intensivists together. The clinical response and microbiological culture results were used to decide on the need to deviate from the guideline.
De-escalation to a narrower-spectrum antibiotic was not generally undertaken when bacterial susceptibility results became available because of the short time to stop date.
Microbiological culture
Microbiological culture results were analysed from all clinical site samples taken on the ICU. Throat and rectal screening swabs were also collected on admission and every Monday to identify gentamicin-resistant GNB. Ten percent of patients had a positive gentamicin resistance screen on admission but results from these screening swabs are not included in the analysis. All GNBs were identified and had antimicrobial susceptibilities determined using standard laboratory techniques. 33 Before August 2008, susceptibility patterns were determined using agar disc diffusion according to BSAC standards. 35 Thereafter the VITEK system (bioMérieux, Marcy-l'Étoile, France) was used.
Results
Five thousand three hundred and fifty patients admitted to the ICU between 2002 and 2009 had at least one ICU episode extending beyond the third day of admission and comprised the study cohort. The median age was 65 (IQR 51.5-74.8) years and 62.6% were males. Their median admission APACHE II score was 18 (IQR 14 -22) , the median ICU length of stay was 8 days (IQR 5 -17) and ICU mortality was 25.5%.
Eighty-four percent (4511) of cohort patients received 6793 courses of any systemic antibiotic active against GNB (average 1.5 courses/patient), of which 5709 (84%) were with the six guideline-recommended antibiotics (Table 1) . Further analysis predominantly focused on these six antibiotics.
Gentamicin and then ceftazidime were the most frequently prescribed antibiotics in terms of number of courses, days of therapy and number of treated patients, consistent with the guideline (Table 1) . Thirty-one percent of all cohort patients received gentamicin and 17% received ceftazidime, whereas ,10% received each of the other antibiotics (Table 1) . Median time to starting a course of gentamicin and ceftazidime for ICU-acquired infections was less than that for ciprofloxacin, piperacillin/tazobactam, meropenem or amikacin (5 and 6 versus 9 -11 days) ( Figure S1 , available as Supplementary data at JAC Online).
Data on the longest course of each antibiotic administered to each patient are presented in Figure 1 . The mode of the longest course length for gentamicin and amikacin was 1 day, compared with 6 days for other anti-Gram-negative agents. Only 6% (342/ 5709) of courses with the six guideline-directed antibiotics spanned .6 days. The median length of continuous active antibiotic therapy commenced at the time of identifying a GNB in blood cultures was also 6 days (IQR 4 -7; n ¼ 383). Overall, 75.1% (3120/4151) of first courses of the six guideline-directed antibiotics ended whilst the patient remained alive and on the ICU.
The number of prescription days with one or two antibiotics active against GNB is presented in Table S1 (available as Supplementary data at JAC Online). Of 21 248 days of therapy with GNB-active antibiotics commenced from day 3, 18 614 (88%) were with a single agent. Sixty-one percent (1616/ 2634 days) of dual therapy days included gentamicin and 25% (1616/6298) of gentamicin therapy days were in combination with another agent.
Of the 5350 patients, 3254 (61%) had a GNB cultured from one or more clinical site samples during their ICU stay (Table 2 ). There was significant variation in the percentage of patients identified with a GNB resistant to the different antibiotics (range 9%-27%). Percentages were higher if the number of patients in whom a GNB was identified for microbiological analysis was used as the denominator (14%-44%) ( Table 2 ). The time to first detection of a GNB resistant to each antibiotic is shown in Figure 2 . Days 1 and 2 were the most frequent days for first detection of resistance to all six antibiotics, indicating a significant burden of importation of Long-term adherence to a 5 day antibiotic course guideline 1689 JAC resistant GNB at clinical sites. The median time to first detection of resistance was longer for amikacin and meropenem (9 and 10 days, respectively) compared with other antibiotics (5-6 days).
The percentage of antibiotic courses for which a resistant GNB was identified at a clinical site at the time of starting antibiotic therapy (+1 day of first dose) was used as a measure of Percentage of cases in which a resistant organism was identified at any clinical site +1 day of first antibiotic dose of each course. c A 1 day gap between administration of gentamicin and amikacin consumption was defined as continuous therapy. d Other antibiotics with activity against GNB were co-trimoxazole, ceftriaxone, colistin, cefotaxime, amoxicillin and ampicillin.
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inappropriate therapy (Table 1) . For positive blood cultures this ranged from 0.9% of gentamicin courses to 3.3% of ceftazidime and piperacillin/tazobactam courses, and for respiratory tract samples this ranged from 6.2% of gentamicin courses to16.5% for piperacillin/tazobactam courses. Some differences reached statistical significance (Table 3) . For the row 'Any GNB', n (%/%) is presented, where n is the number of patients with any GNB resistant to the indicated antibiotic. The first percentage uses a denominator of only those patients identified with a GNB at a clinical site (n ¼3254) and the second percentage uses a denominator of all cohort patients (n¼5350). a Susceptibility testing for these antibiotics against S. maltophilia is unreliable and was not used as a measure of clinical efficacy to guide treatment decisions. Long-term adherence to a 5 day antibiotic course guideline 1691 
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Discussion
This study demonstrated long-term adherence to a 5 day singleantibiotic course guideline for ICU-associated GNB infections. An average of 1.5 courses of GNB-active antibiotics were prescribed per treated patient, with course length spanning ≤6 days of therapy in 94% of cases and 88% of therapy days being with a single GNB-active antibiotic. This implies that the multidisciplinary team considered a 5 day course to be adequate for the majority of ICU-acquired GNB infections. This likely includes those at the more severe end of the spectrum, given that a similar course length was also prescribed when local infections were associated with a bacteraemia. There was infrequent practice of prescribing multi-day combination courses of anti-GNB therapy or immediate commencement of further courses with different antimicrobials at the end of 5 days, both of which would have led to a much higher proportion of dual-therapy days or courses per patient. Antibiotics started on days 1 and 2 were excluded because they are often started prior to arrival, for a different spectrum of bacteria causing infections that often require longer courses, such as endocarditis, osteomyelitis or meningitis. This study focused on therapy for infections acquired on the ICU that are predominantly due to breach of an epithelial surface following insertion of a catheter, drain or knife, or bypassing of other surface defences following insertion of endotracheal or urinary catheters. The rationale for recommending a 5 day course was that iatrogenic breach of epithelial surfaces can be considered as a homogeneous process, independent of site or bacterial species, even though the clinical response may differ significantly. Thus, a single course length and antibiotic choice could be recommended, assuming that attention is given to early source control. Corona et al. 30 highlighted the large variation in duration of therapy for ICU bloodstream infections from ,7 to .14 days, indicating that the course length recommended here is at the lower end of that range. There is some evidence that longer courses are required for ventilator-associated pneumonia due to environmental Gram-negative bacteria. 36 The course length may have been extended for such infections, given that 6% of courses spanned .6 days, but this was not specifically assessed.
Another aspect of this guideline requiring comment is the recommendation of a single empirical antibiotic course. There are probably three reasons why this recommendation had a high level of adherence despite significant unit-level resistance. Firstly, the guideline recommended an adjunctive single dose of gentamicin for patients with severe sepsis if other antibiotic classes were selected. Secondly, culture results from admission clinical samples and gentamicin-resistance screens would become available to guide therapy choices from the third day of admission. This may help explain why the frequency of inappropriate therapy was similar for gentamicin and meropenem (Table 3) despite gentamicin having higher unit-level resistance (18% and 9% respectively; Table 2 ). Finally, the proportion of treatment courses resulting in inappropriate initial therapy based on the antibiogram was comparable to other studies. 5 -14,18 -23 A dominant role for aminoglycosides in critically ill patients, even as short courses or single doses, may be controversial. Aminoglycosides penetrate relatively poorly into tissues, require careful monitoring to reduce the risk of nephrotoxicity and ototoxicity, and are difficult to dose in renal failure. 37, 38 However, they have advantages such as low rates of allergy and less disturbance of bowel flora and potentially Clostridium difficile infection compared with other antibiotics. 39 Aminoglycosides have been prescribed as first-line treatment on our ICU for over 40 years 32 and the policy remained in place in 2013, apart from changing ceftazidime to piperacillin/tazobactam as an alternative first-line antibiotic.
There are limitations to this study. It was performed at a single centre and so resistance rates and guideline implementation will differ hugely between units and countries. 30 We did not determine whether bacterial culture represented infection versus colonization, or determine the association between appropriateness of antibiotic choice and patient outcomes. Such considerations are important and have been the focus of many observational studies with conflicting results. 5 -14 Finally, the laboratory had an expert rule advising all Citrobacter freundii and Enterobacter, Serratia, Morganella and Providencia species to be reported as resistant to cephalosporins and piperacillin/tazobactam regardless of test result. This rule was controversial and not implemented rigorously; nevertheless some resistant isolates will have been reported rather than measured as resistant, which would falsely increase resistance to ceftazidime and piperacillin/tazobactam. In summary, balancing the potentially conflicting objectives of ensuring appropriate therapy for bacterial infections with preventing unnecessary antibiotic use is a challenge in patients with Number (%) of antibiotic courses in which a resistant GNB was identified in at least one blood culture or respiratory tract specimen taken +1 day of first antibiotic dose. Significant differences between antibiotics in courses started in the presence of resistant GNB were as follows. Blood cultures: gentamicin versus ceftazidime, P ¼ 0.005; ceftazidime versus meropenem, P ¼ 0.008. Respiratory tract cultures: gentamicin versus ceftazidime, P¼0.0017; gentamicin versus piperacillin/tazobactam, P¼0.003; meropenem versus ceftazidime, P ¼ 0.0067; meropenem versus piperacillin/tazobactam, P¼0.01. All other antibiotic comparisons were not statistically significant.
a new septic episode in the ICU. This paper demonstrates high long-term multidisciplinary team adherence to a guideline for all ICU-acquired GNB infections that recommends a 5 day single antibiotic course combined with the option of a single initial aminoglycoside dose in patients with severe sepsis. Further studies are needed to determine whether this antibiotic-sparing approach is an acceptable alternative to currently recommended longer dual-therapy course guidelines.
